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The strong decays of H baryons up to A' = 2 shell were studied in a chiral quark model. The strong decay 
properties of these well-established ground decuplet baryons were reasonably described. We found that (i) 
H(1690) and H(1820) could be assigned to the spin-parity = 1/2" state |70,- 8, 1, 1, ^ > and the spin-parity 
j'' = 3/2" state |70,^ 8, 1, 1, | >, respectively. Slight configuration mixing might exist in these two negative 
parity states, (ii) H(1950) might correspond to several different E resonances. The broad states (F ~ 100 MeV) 
observed in the H/r channel could be classified as the pure J'' = 5/2" octet state H^IVO,"* 8, 1, 1, | > or the mixed 
state |Hi">3 with ^ = 1/2". The H resonances with moderate width (F ~ 60 MeV) observed in the Htt channel 
might correspond to the J'' = 1/2+ excitation |56,'' 10, 2, 2, |^>. The second orbital excitation |56,'' 10, 2, 2, | > 
and the mixed state )i might be candidates for the nan^ow width state observed in the channel, however, 
their spin-parity numbers are incompatible with the moment analysis of the data, (iii) E(2030) could not be 
assigned to either any spin-parity J'' = 7/2+ states or any pure J'' = 5/2* configurations. It seems to favor the 
|70," 8, 2, 2, ^ > assignment, however, its spin conflicts with the moment analysis of the data. To find more H 
resonances, the observations in the H(1530)7r and S(1385).^ channels are necessary. 

PACS numbers: 12.39.Jh, 13.30.-a, 14.20.Lq, 14.20.Mr 



I. INTRODUCTION 

Understanding the baryon spectrum and the search for the 
missing baryon resonances are hot topics in hadron physics. 
For the scarcity of high quality anti-kaon beam and the small 
production rate for the H resonances via an electromagnetic 
probe, the S spectrum is still far from being established. There 
are only a few data on the H resonances from the old bubble 
chamber experiments with small statistics. Among the eleven 
H baryons listed in the review of the Particle Data Group 
(PDG) ill], only the ground octet and decuplet, H(1320) and 
H(1530), are well established with four-star ratings. Although 
the resonances E(1690), E(1820), S(1950) and E(2030) are 
three-star states in PDG, only S(1820) has a determined spin- 
parity 7^ = 3/2-. 

A few theoretical studies of the H baryon spectrum can 
be found in the literature &fTTll. All of the phenomenolog- 
ical models can well explain the two ground states S(1320) 
and S(1530), however, their predictions for the excitations 
are very different. For example, there is a lot of controversy 
about the spin-parity of S(1690). It might be the first ra- 
dial excitation of H with - 1/2^ according to the mass 
calculations with a nonrelativistic quark model by Chao et 
al. This classification was also supported by the re- 

cent quark model study of Melde et al. flUA . However, with 
a relativized quark model Capstick and Isgur predicted that 
the first radial excitation of H should have a larger mass of 
~ 1840 MeV 13|]. Recently, Pervin and Roberts suggested that 
S(1690) could be assigned to the first orbital excitation of H 
with = 1/2", although their quark model predicted mass 
is about 35 MeV heavier than the mass of B(1690) They 
believed that a more microscopic treatment of spin-orbit in- 
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teractions, can be expected to drive this state to slightly lower 
mass. The calculations from the Skyrme model also indi- 
cated that S(1690) should have j'' = 1/2^ H]. Furthermore, 
S(1690) was discussed to be a dynamically generated state 
with = 1/2 mill. It should be mentioned that BABAR 
collaboration, in a study of A+ H 7r+/r+, recently found 
some evidences that H(1690) has y'' = 1/2" Q. 

Even for the S(1820) with well determined spin-parity 
quantum numbers, 7^ = 3/2", there still exist many puzzles 
in the explanations of its nature. Considering H(1820) as a 
j'' = 3/2" orbital excitation, its mass and decay properties 
could be well explained in the nonrelativistic quark model 101 
and algebraic model IH. However, considering H(1820) as a 
j'' = 3/2" excitation, the mass of 5(1820) is obviously under- 
estimated by the relativized quark model [j3}| and one-boson 
exchange model [4]. In the unitary chiral approaches, S(1820) 
was even suggested to be a dynamically generated state from 
the A decuplet-pion octet chiral interaction lfl2l[l3ll . 

Although S(1950) is a three-star state listed in PDG, not 
much can be said about its properties According to var- 
ious phenomenological model predictions 10, [lH many 
states with spin-parity quantum numbers, 7^ - 1/2"^, 3/2"^ 
and 5/2=^, could be candidates for E(1950), because their pre- 
dicted masses are close to 1950 MeV. Alitti et al. suggested 
that the broad S resonance (F = 80 + 40 MeV) with a mass 
of M = 1930 ± 20 MeV observed by them could be classified 
as the pure - 5/2" octet state iflTll . With this assignment, 
the mass and total and partial decay widths seemed to be rea- 
sonably understood. However, the observations of Biagi et 
al. iflSll do not satisfy this classification. Although they ob- 
served a S resonance around 1950 MeV in the AK invariant 
mass distribution, its favorable spin-parity should be 5 /2+ or 
its spin should be greater than 5 /2 in the natural spin-parity 
series 7/2", 9/2^, etc llSi In fact, there might be more than 
one E near 1950 MeV 111]- Recently, Valderrama, Xie and 
Nieves proposed the existence of three H(1950) states: one of 
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these states would be part of a spin-parity 1 /2^ decuplet and 
the other two probably would belong to the 5/2^ and 5/2" 
octets IH]. 

About S(2030), not many discussions can be found in the 
literature. A moment analysis of ||20ll suggested that the spin 
of H(2030) should be 7 > 5/2. According to the SU(3) sym- 
metry of hadrons, Samios et al. predicted that H(2030) was 
most likely to be the partner of 1 680), A( 1 820) and 2( 1 9 1 5) 
with - 5/2^ l(2lil . The quark model mass calculations in- 
dicated that the second 7^ = 5/2^ state and 7^ = 7/2^ state 
might be candidates for S(2030) 13 Ht). However, the recent 
strong decay analysis of 11911 did not support the classification 

of iH. 

Fortunately, the situation of the poor knowledge about these 
hyperon resonances is to be changed completely with the run- 
ning of the Japan Proton Accelerator Research Complex (J- 
PARC) facility, where high quality anti-kaon beam will be 
available very soon |22!l. Then, the E baryons can be di- 
rectly produced on the nucleons by the process KN B.K 
with large production cross sections. Furthermore, the inves- 
tigation of H baryons is also one of the major parts of the 
physics programs at PANDA via the process pp ^ HH ll23ll . 
at Jlab via the photo-production processes, yp K^K^E^ 
and yp /:+7i:+H";r jSSl, and at BESIII via the process 
Charmonium — > etc. Thus, these new facilities 

provide us good chances to study the E spectrum. 

Stimulated by the great progresses achieved in experiments, 
more and more theoretical interests begin to focus on the E 
physics. For example, some theoretical studies of the produc- 
tion of E via KN^EkMM and yp ^ K^K^E' MM, 
and the determination of the parity of E resonances in these 
reactions were started recently ll33ll . In this work, we make a 
systematic study of the strong decays of the E resonances in 
a chiral quark model, which has been developed and success- 
fully used to deal with the st rong decays of charmed baryons 
and heavy-light mesons B 34143711 . Here, we mainly focus on 
the three-star E resonances H(1690), S(1820), B(1950) and 
H(2030). 

This work is organized as follows. In the subsequent sec- 
tion, baryons in the constituent quark model is outlined. Then 
a brief review of the strong decays described within a chi- 
ral quark model approach is given in Sec. |III] The numerical 
results are presented and discussed in Sec. |IV] Finally, a sum- 
mary is given in SecIV] 



II. BARYONS IN THE QUARK MODEL 

A. Spatial wave-functions 

A baryon containing three quarks may be described by an 
oscillator potential Hamilton [3l] in a nonrelativistic form: 



1=1 KJ 



(1) 



in an oscillator potential with the potential parameter K inde- 
pendent of the flavor quantum number One defines the Jacobi 
coordinates to eliminate the center mass (cm.) variables: 



P = ^(ri -ri), 
V2 

-> 1 (miri+m2r2 . 

A = — 2r3 

\ '"1 + m 

miTi + m2r2 -I- m-jr^ 
M ' 



(2) 

(3) 
(4) 



where M = nii + m2 + m^. Using the Jacobi coordinates in 
Eqs. (HI)-©, the oscillator Hamiltonian ^ is reduced to 



^ ^2,3 2 , l2^ 



where 



with 



Pp = mpp. Pa = m^A, = MRc.,,,., 



3 (mi + m2)m^ 2m\m2 
= , m„ 



2M 



nil + ni2 



(6) 
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For a E baryon, it contains two strange {s) quarks and a 
light ujd quark. According to Eqs.(|2|i-(|4), the coordinates, 
ri, r2 and r3, can be translated into functions of the Jacobi 
coordinates A and p, which are given by 

1 3ot' 1 _ 

ri = Rr,„. + —- -A + — p, (8) 

1 3m' ^ 1 _ 

r2 = Rem. + 7^ -pP, (9) 

y5 2m + m' yj2 

2 3m 

1*3 = Rf.m. - r^^. 



3 2m + m' 

Then, the momenta Pi, P2 and p3 are given by 
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(10) 

(11) 

(12) 
(13) 



where m and m' stand for the masses of strange and u/d 
quarks, respectively. 

The spatial wave-function is a product of the p-oscillator 
and the /l-oscillator states. With the standard notation, the 
principal quantum numbers of the p-oscillator and /l-oscillator 
are Np - (2«p + Ip) and A^,) = (2«^ + l,{), and the energy of a 
state is given by 



where the r, and p, are the coordinate and momentum for the 
j-th quark in the baryon rest frame. The quarks are confined 



Np + ^\ajp + lNA + ^\cjA ■ (14) 
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The total principal quantum number (i.e. shell number) is 
defined as 



N^N„+ N, 



(15) 



B. Flavor and spin wave-functions 

In the quark model, the SU(3) flavor wave-functions of the 
symmetry decuplet are ll40ll 



and the frequencies of the p-mode and /l-mode are 



w,, = (3/:/m^)'^^ cjp = (3K/mpy'^. 



(16) 



In the constituent quark model, a useful oscillator parame- 
ter, i.e. the potential strength is defined as 



3m' 



2m + m' 



1/4 



(17) 



For a H baryon, the constituent mass of a strange quark is close 
to that of a ujd quark. Thus, the relation 



ff^ - ttp = ah, 



(18) 



is a good approximation. 

The total spatial wave-function of the oscillator Hamilto- 
nian can be written as 11391 14011 



^^(r^ra.ra) 



(19) 



where 'P^^^^ (p, ^) is the harmonic oscillator wavefuction, and 
the a - s,p,A,a stands for the representation of the 5 3 group. 
The harmonic oscillator wavefuction is given by ll39ll4Ci|l 



A++ 
A+ 

A- 

aO 



-q={uud + udu + duu), 
■^{uus + usu + suu), 
ddd, 

-^{udd + dud + ddu), 
-^{dds + dsd + sdd), 
sss, 

-^{uss + siis + ssu), ^ 
■^{dss + sds + ssd), H*" 
-^{uds + sud + dsu + sdu + dus + usd), Z*" 



2- (31) 



Q. 
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n 



the mixed-symmetry octet wave-functions are ||4] 



-^{2uud — duu — udu), 

-^{dud + udd — 2ddu), 

■^{2uus — suu — usu), 

j^{sdu + sud + usd + dsu — 2uds — 2dus), 

-^{2dds — sdd — dsd), 

\{sud + usd - sdu - dsu), 

-^{sus + uss — 2ssu), 

-^{dss + sds — 2ssd), 



while the mixed-antisymmetric octet wave-functions are ||4] 
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A 
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^NLLz ^) ~ ^NLL, 3/2 ' 



(20) 



where P^^j^ is a polynomial of p and A. Explicitly, the states 
within < 2 can be obtained 140(1: 



N^l, L= 1, P^jj 



1, 

ahp+, 
ahA+, 



pp 



200 



L - 2, P222 

pP 
^222 



lal(p,l + Al), 
alp+A+, 



^222 ■ 2- 
L= 1, P^ji = alip^A.-A^p,). 



(21) 
(22) 
(23) 



A^ = 2, L = 0, P^oo = ^(p' + /P-3a,;^ (24) 



(25) 

(26) 

(27) 
(28) 
(29) 
(30) 



' -^{udu — duu), 
-^{udd - dud), 
-^(usu — suu), 
j(sud + sdu — usd — dsu), 
-^{dsd — sdd), 
1 



j^(usd + sdu - sud — dsu — 2dus + 2uds), 



-^{uss - sus), 
■^(dss - sds). 



P 
n 

2" 
A 



(33) 



The total antisymmetric singlet flavor wave-function is 

S" = {uds + dsu + sud — dus — usd — sdu). (34) 

V6 

In the quark model, the typical SU(2) spin wave-functions 
for the baryons can be adopted ll4l[|42ll : 

^3/2 = TTT, ^^3/2 =iU, 

x\/2 = ^(m + nt + m), 

xU/2 = ^(TU + UT + m), (35) 
V3 
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for the spin-3/2 states with symmetric spin wave-functions, 

1 



(36) 



for the spin- 1/2 states with mixed antisymmetric spin wave- 
functions, and 

x\i2 = -^(TiT + XTT -2 TTi), 
V6 

X\i2 = +^(TU + m -2 UT), (37) 
V6 

for the spin- 1/2 states with mixed symmetric spin wave- 
functions. 

The flavor-spin wave-functions are representations of 
SU(6), which are denoted by |A^6,^'^^' A^s), where A^6 (A^3) rep- 
resents the SU(6) (SU(3)) representation and S stands for the 
total spin of the wave-function. The symmetric 56 representa- 
tion wave-functions are IWOl 



156, ^8>" 

4 - 



1 



V2 



(38) 

|56,M0>' = <f>Y, (39) 
the antisymmetric 70 representation wave-functions are llioll 

(40) 



1 



170, %p = -^(rx'+4>Y\ 

V2 

|70, ^8)^ = (ffx', (41) 

|70,M0>^ = <f>Y, (42) 

V, (43) 



|70, 'l>^ = 



while the symmetric 70 representation wave-functions 
areliSl 



|70, 

|70, ^8)'^ 

170,-10)'' = <^y, 

170, ^1)^ = 



1 



(44) 

(45) 
(46) 
(47) 



and the antisymmetric 20 representation wave-functions 
arelSSl 



The spin-flavor-space wave-functions have to be permutation- 
symmetric because the baryon color wave-function is totally 
anti-symmetric. The spin-flavor-space wave-functions up to 
N - 2 shell are listed in Tab. J] So far no experimental ev- 
idence for the existence of the 20 SU(6) representation has 
been found, thus, we do not consider these excitations in this 
work. 



TABLE I: The spin-flavor-space wave-functions of different light 
baryons, denoted by INs,"-^*' N3, A', L, y''). The Clebsch-Gordan 
series for the spin and angular-momentum addition |y, 

Y,L^+s^=j-{LL-,S S -\J J-yV^ji^^ XS; has been omitted. 



state 


N J L 5 


wave-function 


156,2 8^ 0,0, 


1 i 


156,2 S)^^^^ 


156,^ 10,0,0, 


^ 1 


156," 10)>i'^oo 


156,2 8,2,0, 


2 i i 


156,2 g^vj/.^^ 


156," 10,2,0, Y) 


2 1 1 


156," 10)>i'^o„ 


156,2 8,2,2, r> 
156,2 8,2,2, 


2 ^ 2 

2 2 

2 5 2 ■!■ 


156,2 g^vp.^^ 


\56,'^ 10,2, 2, 
|56,M0,2,2, 
156,'* 10,2,2, \*) 
156," 10,2,2,2+) 


1 T- 1 ^- 

z 2 ^ 2 

1 2 ^ 2 

2 2 2 2 


156," 10)4'52L- 


|70,2 8, l,l,i"> 
|70,2 8, l,l,f"> 


1 - 1 i 

2 2 

1 3 1 1 
^ " ^ 2 


|70,2 8)''4";i^„ + |70,2 8)''>i'-'j^_ 


8, i,i,r> 
PO," 8, i,i,r> 
PO," 8, i,i,r> 


1 5 1 3 
2 2 

1 5 1 3 
2 2 

1 5 1 3 

^ 2. ^ 2 


|70," WV^nt^ + |70," 8)''>l'-,'i^„ 


|70,2 10, l,l,i"> 
|70,2 10,1,1,1") 


1 3 1 1 

2 2 
1 3 1 1 


|70,2 10)^4",';^ + |70,2 10)'"l'f,^_ 


|70,2 8,2,0, i+) 


2 i i 


170,2 8)'"P^o„ + 170,2 ?,Y^-l^ 


|70," 8, 2, 0, Y) 


2 1 1 


170," 8>^"I'5o(, + 170," 8)-'>l'2'oo 


|70,2 10,2,0,}*) 


2 ■!■ 


170,2 io)P>p;;oo + 170,2 io)''vi/.i^,, 


170,2 8,2,2, T) 
|70,2 8,2,2, T) 


2 ^ 2 

2 2 

2^2-^ 

^2^2 


|70,2 W%2L^ + |70,^ ?>y'V'nL^ 


|70," 8, 2, 2,}*) 
170," 8, 2, 2, 1+) 
|70," 8, 2, 2, 1^) 
|70," 8,2,2, r> 


2^2^ 

z 2 ^ 2 

2^2^ 

z 2 ^ 2 

2^2^ 
2^2^ 


|70," 8)''4'^2L- + |70'* ^y'V'liL- 


|70,2 10,2,2, 1+) 
|70,2 10,2,2, f*) 


2 5 2 -i- 

z, 2 ^ 2 

2 ^ 2 ■!■ 

^27 


|70,2 lOy^T^'j^ + |70,2 I0)'"l'^2^ 
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|20,-8)" 
120,4 1>" = 0V. 
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C. Total wave-functions 



(48) 
(49) 



The total spin-flavor-space wave-functions are the SU(6)® 
0(3) representations, which are denoted by 

\SU{fi)®0{l>)) = \Ne?'^^'^ Ni,N,L,f). (50) 



III. STRONG DECAY OF A BARYON IN THE CHIRAL 
QUARK MODEL 

In the chiral quark model, the effective low energy quark- 
meson pseudoscalar coupling at tree level is given by 11431 - 14611 



Jir 



(51) 



where i/^y represents the y'-th quark field in a baryon, and /„ 
is the meson's decay constant. The pseudoscalar meson octet 
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is expressed as 
1 

V2' 



1 

V2 



K 



7r+ 










■ (52) 


^0 







To match the nonrelativistic harmonic oscillator spatial wave 
function in the quark model, we adopt the nonrelativis- 

tic form of Eq. ( BTT i in the calculations, which is given by 



H'l 



-0-, 



Ef + M 



/ 



Ei + Mi 



(Tj-Pi 



(53) 



where ctj is the Pauli spin operator on the the j-th quark of the 
baryon, and jUg is a reduced mass given by 1 /yU^ = 1 /mj+l /m'j 
with nij and m'j for the masses of the y-th quark in the initial 
and final baryons, respectively. For emitting a meson, we have 
(p„, = e^'l '"', and for absorbing a meson we have (p„, - e'l *"'. 
In the above nonrelativistic expansion, p^. {- pj - mj/MPcm.) 
is the internal momentum operator for the y-th quark in the 
baryon rest frame. oJm and q are the energy and three-vector 
momentum of the meson, respectively. P, and Pf stand for the 
momenta of the initial final baryons, respectively. The isospin 
operator Ij in Eq. ( |53] | is expressed as 



a\(u)aj(s) 

J •' 

a\{s)aj{u) 
a\d)aj{s) 
a ;(s)aj(d) 

a .{u)aj{d) 

J •' 

a[{d)aj{u) 

-^[a\{u)aj{u) - ayd)aj(d)] 
-7=[fl'.(M)fl ,(m) -I- a\(d)a j(d)] cos d>p 
—a\(s)a i(s) sin d>p 



for K^, 
for K-, 
for K^, 
for K^, 
for , 
for , 
for ;r°, 

for T], 



(54) 



where a (m, d, s) and a ,(m, d, s) are the creation and annihila- 
tion operators for the «, d and s quarks, and cpp is the mixing 
angle of rj meson in the flavor basis ifU 14711 . 

In the calculations, we select the initial-baryon-rest system 
for the decay precesses. The energies and momenta of the 
initial baryons are denoted by (£,, P,), while those of the final 
state mesons and baryons are denoted by {cof, q) and {Ej, Pf), 
respectively. Note that P, - and P/ = -q. For a light 
pseudoscalar meson emission in the strong decay process of 
a baryon, S — > S'M(q), the partial decay amplitudes can be 
worked out according to 



where S and S' stand for the initial and final baryon wave- 
functions listed in Tab. H] 

With the derived decay amplitudes, one can calculate the 
width by Isl 



with 



■'M(q)] = 3 /s' |{Go-3 ■ q -h /zo-3 ■ P3} /se^'l '"' | s\(,55) 



G = — 



Ef + Mf 



- 1, h= — , 



(56) 



6V {Ef + Mf)\q\ 
\fj AnMi 27, 



(57) 



where the and 7/, stand for the the total angular momenta 
of the initial and final baryons, respectively. 5 as a global 
parameter accounts for the strength of the quark-meson cou- 
plings. 

In the calculation, the standard quark model parameters are 
adopted. Namely, we set m„ - nid - 350 MeV, m., = 450 
MeV, for the constituent quark masses. The harmonic os- 
cillator parameter or/, in the wave-function ^^ll- is taken as 
ai, - 0.40 GeV. The decay constants for n, K and rj mesons 
are taken as = 132 MeV, //f = = 160 MeV, respectively. 
The masses of the mesons and baryons used in the calculations 
are adopted from the Particle Data Group Ijj. 



IV. RESULTS AND ANALYSIS 



TABLE II: The partial and total decay widths (MeV) of the well- 
established baryons S(1530), S(1385) and A(1232), which corre- 
spond to the same representation |56,'' 10, 0, 0, | >. The experimental 
data are obtained from PDG. 



state 


channel 


p//; 


rorril 


Inlal 


2(1530)" 




5.6 
3.5 


9.1 (input) 


9.1 ±0.5 


H(1530)- 




7.1 

3.2 


10.3 


99+1.7 


E(1385)+ 


A°n^ 


1.9 
1.5 

23.7 


27.1 


36 ± 0.7 


1(1385)" 


Z+;r- 
Z-;r+ 
A";r" 


1.8 
1.3 
24.8 


27.9 


36 ±5 


E(1385)- 


A^n- 


1.7 
1.8 
25.2 


28.7 


39.4 ±2.1 


A(1232)++ 


pn* 


63.9 


63.9 


114 ~ 120 


A(1232)+ 


p7T° 

m* 


43.7 
21.0 


64.7 


114 ~ 120 


A(1232)" 


pn~ 


21.3 
43.0 


64.3 


114 ~ 120 



A. H(1530) 

E!(1530) is the only H resonance whose properties are all 
reasonably well known. According to the classification of the 
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quark model, it is assigned to the |56,'* 10, 0, 0, representa- 
tion. In present work, the measured width for S(1530)° — > En 
as an input ( i.e. T = 9.1 MeV lUt]) to determine parameter 6 
in Eq.dSTli. which gives 



6 = 0.576. 



(58) 



With this determined parameter, we can predict the other S 
resonance strong decays. First, the strong decays of H(1530)" 
were calculated. The results were listed in Tab. |II] where we 
found that our predictions are in agreement with the data. 
Furthermore, we have noted that E(1385) and A(1232) also 
correspond to the |56,^ 10,0,0, | ) representation. They are 
the SU(3)-flavor counterparts of B(1530). Applying the de- 
termined value for 6, we calculated the strong decays of the 
S(1385) and A(1232) resonances, the results were hsted in 
Tab.Hllas well. It is seen that the predicted widths for S(1385) 
are compatible with the experimental data, and the partial de- 
cay width ratio 



r[£(1385) ^ 1.71] 
r[2(1385) ^ A;r] 



0.134 + 0.09, 



(59) 



are in good agreement with the PDG value [IJ. The pre- 
dicted widths for A(1232) are roughly comparable with the 
data. These decay widths are underestimated with the value of 
6 - 0.576 determined by fitting the width for H(1530)" En. 
The value of 5 is slightly smaller than that used for the study 
of the baryons only containing light u and/or d quarks li48l| . 

As a whole, the predicted strong decay properties for 
H(1530)", S(1385) and A(1232) are compatible with the ex- 
perimental data within the quark model uncertainties, which 
indicates that the SU(3)-flavor symmetry approximately holds 
in these ground decuplet baryons. 



B. H(1690) 

E(1690) is a three-star state listed in PDG. Its decay width 
might be less than 30 MeV jUl. Three decay modes KK, 
UK and En were observed in experiments. Recently, BABAR 
Collaboration found some evidences that the H"(1690) has 
J'' = 1/2- in the study of A+ ^ E'n^K^ Q. 

If H(1690) is a 7^ = 1/2" resonance, it should correspond 
to one of the first orbital excitation states: |70,^8, 1, 1,4 ), 



170,^8,1,1,^ 
tween them. 
Considering 



> and 170,^10, 1,1, 
B(1690) as 



) or a mixed state be- 



the 



170,^^8, l,l,i ) and |70,M0, 1,1, 



5 ), respectively, we 
calculated their decay properties, which were listed in 
Tab. Hn] Comparing the predictions with the measurements, 
we found that if H(1690) is assig ned to |70,-8,l,l,i ), the 
calculated decay width 



170,-8,1,1,^ ), 
respectively. 



r a; 48 MeV, 
and partial decay width ratios 

r(S(1530)7r) 



TiEn) ^ 



r{AK) 



1.0, 



TCLK) 



(60) 



0.0002, (61) 



are roughly in agreement with the measurements. Neither 
170,'* 8, 1, 1, y) nor |70,- 10, 1, 1, could be considered as 
an assignment to S(1690) for their partial decay width ratios 
disagree with the observations. 



TABLE III: The total and partial decay widths (MeV) of H(1690) 
with different j'' = 1/2" assignments. 



assignment 


En 


IK 




H(1530)7r 




|70,- 8,1,1,}") 


3.69 


22.30 


22.15 


0.005 


48.14 


\7o* 8, 1, 1, y) 


59.05 


5.58 


22.15 


0.001 


86.78 


|70,M0, 1,1,}"> 


3.69 


1.39 


5.54 


0.005 


10.63 



As we know, configuration mixing between several states 
with the same often occurs via some interactions. Thus, 
H(1690) might be a mixed state between |70,- 8, 1, 1, j"), 

170,'* 8, 1, 1, r> and 170,^ 10, 1, 1, i"). Now, we consider the 
physical states with - ^ as mixed states between |70,^ 8), 
170,'* 8) and |70,- 10). According to the standard CKM matrix 
method, the physical states can be express as: 



(62) 









' 170,2 8) ' 






= u 


|70,4 8) 




J 




. 170,2 



with 



C12C13 
-sncn - Ci2i23«i3 

il2i23 - Ci2C23il3 



*12Cl3 il3 
C12C23 - 512*23*13 *23Cl3 
-Ci2*23 - *12C23*13 C23C13 



(63) 

where c,y = cos 0,^ and Sjj = sin Ojj with Ojj the mixing angles 
to be determined by the experimental data. 

In present work, we take B(1690) as |Si )2. By fitting the 
experimental data of DIONISI 78 61] (see Tab. |IVli, we ob- 
tained 012 - 5", 013 - 105" and 6*23 - 95". The theoreti- 
cal predictions compared with the data were listed in Tab. |IV] 
From the table, we found that the decay properties of S(1690) 
could be well described with these determined mixing angles. 
Thus, iE(1690) could be a mixed state. 



TABLE IV: The predicted total and partial decay widths (MeV) and 
partial decay width ratios (MeV) of H(1690) = ^2 compared with the 
experiment data of DIONISI 78 HI. The mixing angles are 612 = 5 , 
0r, = 75" and 6^^ = 95". 



channel 




lolal 


lolal 


channel ratio 




^exp 


En 


1.0 


37 


44+23 


r(5:^)/r(A^) 


2.88 


-) 7+0.9 
^■'-0.9 




27.0 






r(3;r)/r(S^) 


0.04 


< 0.09 


AK 


94 






r(S(1530);r)/r(E^) 


~ 10-* 


< 0.06 


H(1530);r 


0.01 













With these determined mixing angles, Eq.(l62]i can be ex 
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plicitly written as 



iHr>i 

|H(1690)r) 

iHr>3 



-0.26 -0.02 
-0.95 -0.17 
0.17 -0.98 



0.97 
-0.26 
0.02 



|70,2 8> 
170,'' 8) 
|70,2 10) j 



30 



(64) 

From the above equation, it is obviously seen that the main 
component of the physical state H(1690) is |70,^ 8, 1, 1, 1 /2") 
(~ 90%), which slightly mixes with 170,^0,1,1,1/2") (~ 
7%) and |70,'*8, 1, 1, 1/2") (~ 3%). 



In Ref. 1501], BABAR Collaboration studied the spin of 
S(1690) from A+ ^ AK^R". They found that the spin of 
S(1690) is consistent with the value / = 1/2. However, 
they could not determine the parity of 5(1690). According 
to the mass predictions of quark model, the mass of the first 
radial (2S) excitation of E with 7^ = might be close to 
1690 MeV Thus, we should consider the possibil- 

ity of H(1690) as the positive parity radial (25) excitations 
with 7^ - i^. In the constituent quark model, there are 
three radial (25) excitations with j'' = i^; 156,^8,2,0, i^), 

170,^8,2,0,^) and |70,- 10, 2, 0, i^). In our calculation, 
those states's total decay widths are too small to compare with 
the experimental data. The predicted partial decay width ra- 
tios are incompatible with the observations as well. Thus, 
these states with J'' - ^ as assignments to S(1690) should 
be excluded. Furthermore, we also studied the strong de- 
cay properties of the other first orbital excitation states with 
7^ = 3/2" and 7^ = 5/2". Their decay properties are very 
diff'erent from those of E(1690). For simplicity, the calculated 
results are not shown in this work. 

In a word, S(1690) is most likely to be the first or- 
bital excitation of S with 7^ = 1/2". There might ex- 
ist configuration mixing in 3(1690). The main component 
of E(1690) is 170,^8, 1, 1, 1/2"), which slightly mixes with 
|70,2 10, 1, 1, 1/2") and 170,^8, 1, 1, 1/2"). Our predictions 
consist with the experimental observations. The recent mass 
calculations of a constituent quark model support the classi- 
fication of 3(1690) as a 7^ = ^ octet resonance lUt]. The 
calculations of a Skyrme model Jit] and unitary chiral ap- 



proaches UJllJ also indicated that 3(1690) has J - j ■ 

Since 3(1690) corresponds to the physical state |3i )2 in 
Eq.(l64l). as the counterparts of 3(1690), the other two physi- 
cal states, |3i")i =-0.26170,^8) - 0.02170,4 8) + 0.97|70,2 10) 

and |3i")3=0. 17170,^8) - 0.98170,^8) + 0.02|70,2 10), might 
be observed in experiments. It is easily seen that the main 
component of |3i")i is |70,- 10, 1, 1, 1/2") (~ 94%), while 
the 13i")3 is dominated by |70,''8, 1,1, 1/2") (~ 96%). The 
strong decay properties of |3^ )i and |3^ )3 were studied as 
well. The results were shown in Fig. [T] From the figure, we 
found that |3i )i is a narrow state with a width of F ~ 25 
MeV, while |3i")3 is a broad state with a width of ~ 100 
MeV. The main decay channels of |3^ )i are l.K and AK, 
while the decays of |3^ )3 is governed by En and AK. 



10- 



40- 



• total 



EK 



AK En 

' H(1530)k 

E(1385)K 




Q. , 



I I I I I 

1800 1850 1900 1950 



M(MeV) 



FIG. 1: The decay properties of the \Ej )i and |H| >3, respectively. 
Where = lE^)! and^Pj = \E\'}3- 



C. H(1820) 

In 1987, Biagi et al. measured the spin-parity of 
3(1820) ifisll . They found that its spin-parity is consistent 
with 7 = 3/2", which is in good agreement with the quark 
model predictions ]Q>lll[l3]- In the present work, the study of 
the well established resonance 3(1820), on the one hand, can 
provide an important test of our model, on the other hand, can 
let us obtain more information about the nature of 3(1820). 

Assigning 3(1820) to the negative states with 7^ - 1/2", 
3/2" and 5/2", respectively, their strong decays were calcu- 
lated with our model. The results were listed in Tab.lV] where 
we found that only the |70,^8, 1, 1,| ) can be assigned to 
3(1820). The detail comparisons of theoretical predictions 
with measurements were shown in Tab. IVIII from which it 
is seen that both the decay width and the partial decay ratios 
are in agreement with the measurements of ALITTI 69 [.5 1"| . 
Our predictions about the spin-parity values of 3(1820) are 
consistent with the other model predictions and experimental 
determinations. 

Although considering 3(1820) as a pure state 
|70,~8,1,1,| ) the theoretical predictions are in good 
agreement with the experimental observations, there still 
exists room for configuration mixing in 3(1820) for the un- 
certainties of the experimental data. Chao et al. employed a 
quark model to study mass spectrum of 3 resonances Ac- 
cording to their study, 3(1820) should be a mixed state, which 
dominates by the octet |70,~ 8, 1, 1, 1 ) components (~ 90%), 
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TABLE V: The decay widths (MeV) of 5(1820)" with different as- 
signments. 



assignment 


Ett 


I.K 


AK 


S(1530);r 




|70,2 8, l,l,f"> 


2.85 


10.63 


7.25 


11.98 


32.71 


170,-* 8, 1,1,|"> 

ITO,* 8, i,i,r> 

170," 8, l,l,f"> 


64.80 
4.56 
27.40 


23.94 
0.26 
1.59 


20.56 
0.72 
4.35 


0.36 
11.95 
1.51 


109.66 
17.49 
34.85 


|70,- 10, 1, 1, 1") 
|70,2 10,1,1,11 


4.05 
2.85 


5.98 
0.66 


5.14 
1.81 


I. 43 

II. 98 


16.60 
17.31 



TABLE VIL The predicted total and partial decay width widths 
(MeV) and partial decay width ratios of E(1820) as the mixed state 
|H(1820)|"> with mixing angles 6^ = 85", = 170" and fts = 
165". For a comparison, the experimental data of ALITTI 69 jsill 
are listed as well. 



channel 




tow! 


lolal 


T; 1 


Tj 1 


En 


2.1 


23.3 


24+15 


0.09 


0.1 ±0.1 


I.K 


8.0 






0.34 


0.30 ±0.15 


AK 


9.2 






0.40 


0.30 ±0.15 


H(1530);r 


4.0 






0.17 


0.30 ±0.15 



TABLE VL The predicted total and partial decay width widths 
(MeV) and partial decay width ratios of S(1820) as the 
|70,^ 8, 1, 1, 1^ assignment compared with the experimental data of 
ALITTI 69 Elt]. 



channel 




lolal 


lolal 


r, 1 


Ti 1 


En 


2.9 


32.8 


24+15 


0.09 


0.1 ±0.1 


1,K 


10.6 






0.32 


0.30 ±0.15 


AK 


7.3 






0.22 


0.30 ±0.15 


E(1530);r 


12.0 






0.37 


0.30 ±0.15 



while contains small components of |70,~ 10, 1, 1, | ) (~ 9%) 

and (~ !%)■ Thus, we considered the 

physical state S(1820) as an admixture between the octet and 
decuplet states with J^-\ ■ Using the CKM matrix method 
discussed in IIV Bl and fitting the observed strong decay 
properties, we obtained 



|3(1820)f 



-0.08 -0.98 
0.96 -0.13 
0.27 0.14 



0.17 
-0.26 
0.95 



170,2 8) 
|70,4 8) 
|70,2 10) ) 



(65) 

The theoretical results compared with the data were listed 
in Tab. IVllI where we found that the predicted partial de- 
cay width ratios are in agreement with the experiment data 
of ALITTI 69 ifsill as well. Considering configuration mixing 
effects in H(1820), the decay width is more close to the center 
values of observations. From the mixing parameters obtained 
in Eq. ( |65] |. it is seen that the main component of S(1820) 
is 170,^8, 1, 1,1 ), which is about 92%. As a mixed state, 
S(1820) also contains small components of |70,''8, 1, 1,| ) 
(~ 0.02%) and 170,^ 10, 1, 1, T) (~ 0.07%). Our results are 
compatible with the predictions of Chao et al. It should 
be mentioned that H(1820) was also suggested to be a dynam- 
ically generated state with - 3/2" lfl2ilT3ll . 

In brief, S(1820) could be approximately taken as a pure 
170,^8,1,1,1 ) state. There maybe exist slightly configu- 
ration mixing in it. All the experimental observations of 
B(1820) could be well understood in the constituent quark 
model. 

Considering S(1820) as a mixing state, its counterparts 
|S| )i and |S| )3 in Eq. ( |65] l might be observed in experi- 
ments as well. From Eq. ( |65l l it is seen that the main com- 
ponents of |S|")i and |H|")3 are 170,^ 8, 1, 1, 3/2") (~ 96%) 




total Sti 

ZK AK 1 

Z(1385)K 



1900 1950 2000 
M(MeV) 



2050 



FIG. 2: The decay properties of the |H| >i and |H| )3, respectively. 



|Sl )3 are 



1910 MeV and 

1^3- 



strong decay properties of )i and |H| )3 were studied as 



Where "Pi = |Hf )i andYj = |S| )3 



and |70,2 10, 1, 1,3/2") (~ 90%), respectively. According to 
the quark model predictions 101, the masses of |H| )i and 

- 1970 MeV, respectively. The 
... IHl- 

well. The results were shown in Fig. |2] For the uncertain- 
ties of the mass predictions, we varied the masses of |H| )i 
and |H|")3 from 1850 MeV to 2050 MeV. From the calcula- 
tions, we found that if the masses of these two states are larger 
than the threshold of 2(1385)A', the decay channel 2(1385)^" 
dominates their decays. Furthermore, H(1530);7r contributes 
significantly to the strong decays of these two states. 

Finally, it should be pointed out that although the predicted 
masses of |S| )i and |H| )3 are close to that of H(1950), the 
decay modes and partial decay width ratios are not consistent 
with the observations. Thus, H(1950) does not favor any 7^ = 
3/2" assignments. 
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D. H(1950) 



100 
10 
1 

10 
1 



9 0.1 



> 

0) 



10 
1 

0.1 



1 — ' 1 ' 1 

i 70,''8,2,2,1/2;^^^'^ 

j*"^ — • ' ri — * * — • ' 




56,''l0,2,2,1/2* 


70,^8,2,0,1/2^ 
•j ^^^^ 1 
— - — 

1 /f' '1 

. . 


— « 1 « 1 ' 1 — 1 

56,'8,2,0,1/2" J' 

'r : \ Ai 


70,'l0,2,0,1/2* 


2000 2100 2200 
M(MeV) 
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1 ■' '". .<< 
-1 — , , . \ — !-. r-^ 


■ ■ ZK AK 

E(1530)k 

Z(1385)K 

A(1405)K 



2000 2100 2200 
M(MeV) 



-•- A(1520)K 




70, 10,2,2,3/2 




FIG. 3: Strong decay properties of the }'' = 1/2+ excitations in the 
N = 2 shell. 
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S(1950) was first observed by Badier et al. in the invariant 
mass distribution En of K p E'Kn process llsil] . its ob- 
served mass and width are 1933 + 16 MeV and T ^ 140 + 35 
MeV, respectively. Later, several experimental groups also 
found structures with a mass of ~ 1950 + 50 MeV in the other 
processes. S(1950) was only observed in En, H(1530).7r and 
decay channels Most of these structures were ob- 
served in the En channel. In the channel, only Biagi et al. 
claimed that they observed one narrow structure (F ^ 25 + 15 
MeV) with a mass of M ^ 1963 MeV tH]. They estimated 
an upper limit on the ratio of partial widths FCLK) /r{AK) 
of 2.3, and also suggested that the spin-parity of this reso- 
nance should be 5/2+ or its spin should be greater than 5/2 
in the natural spin-parity series 7/2 , 9/2+, etc. While in the 
S(1530)7r channel, only Briefel et al. reported that they ob- 
served a broad structure (T ^ 60 ± 39 MeV) with a mass of 
M ^ 1964 MeV iH. Although 2(1950) is a three-star E 
resonance listed in PDG, not much can be said about its prop- 
erties. 



1. j'' = 5/2 assignment 

S(1950) was fist classified as the pure octet E resonance 
with = 5/2^ by Alitti et al. {H. In 1968, they observed 
a E resonance whose mass and width are M - 1930 + 20 



FIG. 4: Strong decay properties of the j'' = 3/2^ excitations in the 
N = 2 shell. 

MeV and F - 80 + 40 MeV, respectively. The resonance 
parameters were very close to the observations of Badier et 
al. in 1965 1.541 . The Gell-Mann-Okubo mass formula in- 
dicates this state might be the pure octet E resonance with 
= 5/2- lHHIll]. The detailed SU(3) study of the total and 
partial decay widths of the j'' - 5 12" octet baryons seemed to 
give a reasonable and consistent picture This classifica- 
tion was also supported by some studies of the mass spectrum 
of E resonances in various quark models 

H(1950) as an assignment to the - 5/2" octet E reso- 
nance, we studied its strong decay properties, the results were 
listed in Tab. IVIIll It is seen that the = 5/2" assignment 
is a broad state with a width of ~ 100 MeV. Its strong decays 
are dominated by the En channel. The partial decay widths of 
H(1530).7r and AA' are sizeable. Our predictions are in compat- 
ible with those in I17il . Thus, the broad E resonances observed 
in En channel might be good candidates for the j'' - 5/2" 
octet state. 

As a by-product, we calculated the strong decays of the 
other members of 7^ = 5/2" octet baryons, A^(1675)| , 
£(1 775)| ' and A(1830)|". The results were listed in 
Tab. I Villi as well. From the table, it is found that our predic- 
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FIG. 6: Strong decay properties of the J'' 
N = 2 shell. 



5/2* excitations in the 



TABLE VIII: The total and partial decay widths (MeV) of the well- 
estaWished with four stai's baryons Af(1675), S(1775) and A(1830), 
which correspond to |70,'' 8, 1, 1, | ). The data are obtained from 
PDG. 



assignment 


channel 




total 


lolal 


r, 1 


r, 1 


A'(1675)|" 


nTT 


25.3 


81 


130- 165 


0.31 


0.35-0.45 




Att 


50.6 






0.62 


0.50-0.60 




Nrj 


5.8 






0.07 


O.OI 


E(1775)|" 


Y.n 


8.0 


76 


105 - 135 


O.ll 


0.02-0.05 




An" 


19.1 






0.25 


0.14-0.20 




nK 


32.1 






0.42 


0.37-0.43 




S(1385);r 


4.8 






0.06 


0.08-0.12 




A(1232)^ 


I.O 






O.OI 






A(1520);r 


11.2 






0.14 


0.17-0.23 


A(1830)f" 


E;r 


52.2 


94 


60 - 110 


0.55 


0.35-0.75 




Z(1385);r 


41.7 






0.45 


> 0.15 


E(1950)f 


an 

ILK 

AK 
H(1530);r 
S(I385)^ 


71.33 
7.8 
13.6 
10.9 
1.2 


105 


80 ±40 


0.68 
0.07 
0.13 
0.10 
O.OI 





2. j'' = 1/2 assignment 

Recently, Valderrama, Xie and Nieves proposed the exis- 
tence of a spin-parity state 7^ = 1 /2" decuplet belonging to 
S(1950) iigfl . Now we discuss the possibilities of H(1950) as 
an assignment to the 7^ = 1/2" states. In Sec. IIV Bl we pre- 
dicted S(1690) is a mixed state with 7^ = 1/2". According 
to the mass calculations of constituent quark models H [Till , 
the masses of the counterparts of S(1690), )i and IH^ )3, 
might be close to 1950 MeV. Thus, they might be candidates 
for S(1950). The strong decay properties of |Si- )iand|Hi )3 
had been studied in Sec. IIV B] (see Fig. [Til. Considering |Hi )i 
as an assignment to S(1950), both the decay width and partial 
width ratio. 



(66) 



r ^ 27 MeV, ^ 2.0, 

r(AK) 



are in agreement with the observations of Biagi 87C UlSll . 
however, the spin-parity 7^ = 1 /2" disagrees with their sug- 
gestion. While assigning |Si )3 to !E(1950), its width and 



partial width ratios 



tions of the strong decay properties of A^(1675)| , S(1775)| 
and A( 1 830)| are in reasonable agreement with the observa- 
tions. 



r ^ 84 MeV, - ^ 1.6, — ^ ^ 2.3, 



r{AK) 



rcLK) 



(67) 



are consistent with those of the broad structures observed in 
Ett channel. Thus, the spin-parity 1/2" mixed state )3 
could be a good assignment to B(1950). 
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and the partial width ratios 
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FIG. 7: Strong decay properties of the j'' = 7/2^ excitations in the 
N = 2 shell. 



3. r 



1 /2^ assignment 



In Ref. lH], Oh predicted that H(1950) might have 7^ = 
1 /2^ in the Skyrme model. We calculated the strong decays of 
all the excitations of H with 7^ - 1 /2^ in the N - 2 shell. The 
results were shown in Fig.|3] From the figure, it is found that if 
the second orbital excitation 156,"* 10, 2, 2, is considered as 
an assignment to S(1950), the decay width and partial width 
ratios are 



r ^ 53 MeV. 



nKR) 



0.88, 



1.27. 



(68) 



^^^^^.0.88,1^.1.27, 



nKK) 



r(H(1530)7r) 



.3.16 (70) 



are in agreement with the observations of Biagi 87C 111811 
and APSELL 70 iH. However, the spin-parity of 
156,^^ 10,2,2^^) do not consist with the moment analysis of 
Biagi 87C ill]. 

Including configuration mixing effects, Chao et al. pre- 
dicted two - 3/2^ mixed states with masses of M = 1930 
and 1965 MeV, respectively |01. With their mixing scheme, 
we predicted the strong decays of the two states. The results 
were shown in Fig.|5] It is obviously seen that the decay prop- 
erties of these mixed states are not in agreement with any ob- 
servations of H(1950). 



TABLE IX: The total and partial decay widths (MeV) of the well- 
established four-star baryons A^(1680), E(1915) and A(1820), which 
are considered the pure |56,^ 8, 2, 2, | ) state. The data are obtained 
from PDG. 



assignment 


channel 




total 


roral 


1 


1 


A'(1680)i^ 


mx 
An 
Nt] 
AK 


38.0 
21.0 
0.4 
0.03 


59 


120 ~ 140 


0.64 
0.36 
0.01 



0.65-0.70 
0.0-0.01 


i;(1915)|^ 


NK 

An 

In 
X(1385);r 
A(1232)^ 


1.2 
10.4 
26.7 

6.2 
18.4 


63 


80 ~ 160 


0.02 
0.16 
0.42 
0.10 
0.29 


0.05-0.15 


A( 1820)1"^ 


NK 
In 
E(1385);r 


14.8 
5.8 
9.8 


30 


70 ~ 90 


0.49 
0.19 

0.32 


0.55-0.65 
0.08-0.14 


E(1963)f^ 


H/r 

IK 

AK 
H(1530);r 
E(1385)^ 


1.0 
9.2 
0.8 
5.2 
2.5 


19 


25 ± 15 


0.05 
0.48 
0.04 
0.27 
0.13 





The decay width and decay modes are consistent with the ob- 
servations of Goldwasser et al. iIstIi . It should be pointed out 
that the predicted mass of quark model for 156,"* 10, 2, 2, i ) is 
~ 2 GeV, which is slightly larger than the observation. 



4. J'' = 3/2^ assignment 

Furthermore, we calculated the strong decays of all the ex- 
citations of S with - 3/2^ in the N - 2 shell. The results 
were shown in Fig. |4] It is found that the second orbital exci- 
tation 156,'* 10, 2, 2, might be a candidate for H(1950). The 
decay width 

r . 36 MeV, (69) 



5. J'' = 5/2* assignment 

Recently, Valderrama, Valderrama Xie and Nieves lfl9l pre- 
dicted that the narrow structure with a mass of M . 1963 
MeV observed in the A^ channel by Biagi et al. ifisll (de- 
noted by H(1963)) could be assigned to the partner of the 
= 5/2+ A?(1680), A(1820) and 2;(1915) resonances. Ac- 
cording to the classification of quark model, these resonances 
could be roughly considered as the |56, 8,2, 2, | ) configu- 
ration [581. Firstly, we calculated the strong decays of the 
A^(1680), A(1820) and S(1915) states, which were Usted in 
Tab. |IX] From the table, it is found that the decay proper- 
ties of A^(1680), A(1820) and Z(1915) could be roughly un- 
derstood by taking them as the |56, 8, 2, 2, ^ ) configuration. 
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Assigning H(1963) to the |56,^ 8, 2, 2, configuration, the 
predicted strong decay properties were shown in Tab. [X] as 
well. It is seen that although the decay width is in agreement 
with the data, the partial decay width ratios are not consistent 
with the observations of Biagi et al. ifisll at all. 

Furthermore, Chao et al. also predicted a mixed states with 
J'' = 5/2+ having a mass of M = 1935 MeV H. With their 
mixing scheme, its strong decays were studied. The results 
were shown in Fig.|5]as well. It is seen that the strong decays 
are dominated by the Y.K channel, which disagree with any 



observations of H(1950). 

In brief, there might be several S resonances in the 1900 - 
2000 MeV region observed in experiments. These states are 
most likely to correspond to the pure octet S resonance with 
- 5/2", the mixed state |E!^ )3 with - 1/2" (its main 
component is 170,"* 8, 1,1,5 second orbital excitation 

156,^10,2,2,1^) with J'' = 1/2+, etc. These states can be 
easily distinguished by the measurements of their partial de- 
cay width ratios, r(A^)/r(E^) and r(S^)/r(S;r). 



TABLE X: The decay widths (MeV) of 2(2030) with different assignments. 



assignment 


an 


ILK 




H(1530);r 


E(1385)^ 


A(1405)^ 


A(1520)^ 


^ total 


r(A^) : r(5:^) 


156,2 g^2, 2, f^) 


1.6 


18.5 


1.3 


8.2 


5.7 


0.4 


0.01 


35.8 


0.07 


|70,2 8,2, 2,f^) 


1.4 


17.9 


4.5 


1.4 


0.6 


1.5 


5.4 


32.7 


0.25 


|70,2 8,2, 2, f^> 


0.8 


5.8 


2.7 


4.1 


2.8 


0.05 


0.07 


16.3 


0.46 



E. H(2030) 

H(2030) is a three-star state listed in PDG. It mainly decays 
into ILK and KK channels. The decay ratios into the other 
channels, such as Htt and H(1530)7r, are small. The measured 
decay width and partial decay width ratio are 

r ^ 21 + 6MeV, ^ 0.22 + 0.09. (71) 

r{i.K) 

A moment analysis of the HEMINGWAY 77 data indicated at 
a level of three standard deviations that J > 5/2 ||20|]. 

We analyzed the strong decay properties for all the config- 
urations in the N - 2 shell, which were shown in Figs. [3} 
[T] From the figures, we found that only three excitations 
156,- 8, 2, 2, f^), 170,-8,2,2,1"') and 170,^ 8, 2, 2, f '') have 
comparable decay widths with that of H(2030), and mainly 
decay into UK channel. Considering them as assignments to 
B(2030), we collected their decay properties in Tab. |X] where 
we found that both the decay width and the partial decay ratio 

r ^ 33 MeV, l^-El ^ 0.25. (72) 

y(i:k) 

of the |70, 8,2, 2, 1 ) configuration are in good agreement 
with the observations. However, its spin J - 312 disa gree s 
with the moment analysis of the HEMINGWAY 77 data I20ll. 

As a whole, if we do not care about the moment analy- 
sis of the HEMINGWAY 77 data 113], H(2030) favors the 
8, 2, 2, assignment. H(2030) could not be assigned to 
any pure - 7/2+ states or any admixtures between them. 
If the spin-parity of E(2030) is - 5/2+, it is most likely to 
be a mixed state, for no pure 7^ = 5/2+ configuration could 
explain the data. 



V. SUMMARY 

In this work, we studied the strong decays of the H baryons 
within N <2 shells in a chiral quark model. The strong decay 
properties of these well-established ground decuplet baryons 
could be reasonably described. We found that S(1690) should 
be assigned to the spin-parity j'' = 1 /2" state |70,- 8,1,1,^ ), 
which might slightly mix with the other configurations. The 
strong decays of the physical partners of H(1690), |S| )i and 
)3 were analyzed as well. |Si )i might be observed in 

the 1,K and AK channels, while \E\ )j, is possibly observed 
in the En and AK channels. 

The strong decay properties of E(1820) could be well un- 
derstood by assigning it to the |70,- 8, 1, 1, | ). There might 
exist slight configuration mixing in H(1820). Its main com- 
ponent is |70,^ 8, 1, 1, 1 ) (~ 92%). Considering the configu- 
ration mixing effects, we also studied the strong decay prop- 
erties of the physical partners of H( 1820), |H| )i and |H| )3. 
The observations in the E(1385)A' and !E(1530);7r channels are 
crucial to look for the other - 3/2" states |H| )i and 
|S| )3 in future experiments. 

The situation for B(1950) is very complicated. Several 
S resonances in the 1900 - 2000 MeV region might have 
been observed in experiments. The broad H resonances 
observed in En channel might be good candidates for the 
j'' - 5/2" octet state or the mixed state \E^ )3 with j'' = 
1/2". The E resonance with moderate width observed by 
Goldwasser et al. iIstIi might correspond to the 7^ = 1 /2+ 
excitation 156,"* 10, 2, 2, i^). The second orbital excitation 
156,'* 10, 2, 2, 1^) and the mixed state \Ej )i might be candi- 
dates for narrow width state observed in the AK channel, how- 
ever, their spin-parity is not consistent with a moment analy- 
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sis of the data. The partial decay ratios, r{AK) /FCZK) and 
r(EA')/r(S7r), are sensitive to different assignments. Thus, 
the measurements of these ratios are crucial to uncover many 
puzzles in S(1950). 

In present work, S(2030) as any spin-parity 7^ = 7/2^ 
states should be excluded. The observations of H(2030) do 
not favor any pure 7^ = 5/2+ configuration as well. If we 
do not care about the moment analysis of the HEMINGWAY 
77 data, H(2030) favors the |70,^ 8, 2, 2, assignment. Fur- 
ther observations in the H(1530)7r and S(1385)A' channels are 
necessary. 

To provide helpful information for the search for the miss- 
ing S baryons, in Figs. [3]|2lour predictions of their strong de- 
cay properties were shown as well. From our theoretical re- 
sults, we found that the strong decays of many B resonances 



are dominated by the H(1530):7r and S(1385)A', thus, in these 
decay channels, we might find some new S resonances as 
well. 
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